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(54) Heat exchanger 

(57) A heat exchanger has a housing (2) in which a first heat exchange fluid flows through tubes (7), 
extending between tube plates (9) which are held movably within the limits of thermal expansion in metal 
end portions (4, 4', 27), braced to metal tubular shell (3) for the flow of a second heat exchange fluid 
through the shell via inlet and outlet connections (5. 6). the end portions (4, 4', 27) and the tubular shell (3) 
having, at their opposite ends, outwardly directed bent-over edges (10, 1 1, 28. 29), wherein the angle a* 
relative to the longitudinal axis is between 45° and 90°. A sealing ring (12, 30) seats of each end tube 
plate (9) both with respect to the tubular shell (3) and to the end portion (4, 4', 27) and is gripped between 
two oppositely disposed bent-over edges (10, 1 1 and 28, 29), clamped together by clips (13. 14, 31). 
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SPECIFICATION 

Heat exchanger 

5 This invention relates to a heat exchanger hav- 
ing a nest of tubes in a housing. 

Gernian lajd-open application (DE-OS) No 31 
10 489 islready discloses a heat exchanger 
comprising a housing and a nest of tubes dis- 

10 posed therein. The ends of the heat exchanger 
tubes are mounted In tube plates at the ends 
and have a first heat exchange medium flow- 
ing therethrough. The housing comprises a 
metal tubular shell, two housing rings and two 

15 covers which are braced to each other by tie 
members and nuts. The tube plates are held 
in the covers and the housing rings, with the 
interposition of sealing rings, in such a way 
that they are movable within the limits of ther- 

20 mal expansion. The housing rings have inlet 
and outlet connections for a second heat ex- 
change medium which flows around the out- 
side of the heat exchanger tubes, within the 
tubular shell. 

25 Such a proposed heat exchanger is very ex- 
pensive in construction as a large number of 
individual components with cost-intensive ma- 
chining operations, as well as a high level of 
assembly expenditure are necessary. For 
30 example, the housing includes five individual 
parts which, including the commercially avatla^ 
bie tubular shell, must be machined after cut- 
ting to length as otherwise it would not be 
possible to ensure that the components bear 
35 properly against each other, in particular at the 
flange-type connection between the tubular 
shell and the housing rings. In addition, the 
proposed arrangement requires a plurality of 
sealing rings for the parts of the housing to 
40 be sealed off relative to each other and rela- 
tive to the tube plates and to separate the 
fluid circuits from each other. 

US patent specification No 3 426 841 dis- 
closes a tube nest-type heat exchanger in 
45 which plastics tubes are held in a tube plate 
which also comprises plastics material. The 
housing also consists of plastics components, 
including a tubular central portion with covers 
at the erids thereof. The tubular central por- 
50 tion and the covers have flange-like shoulders 
at their ends, with the edge of a tube plate 
extending, between each two oppositely dis- 
posed shoulders. A respective sealing ring is 
disposed between each shoulder and the tube 
55 plate. The housing components are secured in 
position by means of clamping rings in such a 
way that the flanges are pressed against the 
tube plates. Thermal expansion of the tube 
nest must be accommodated by way of the 
60 elasticity of the tube plates. 

Although the laner proposed heat exchanger 
is of simple construction, by virtue of the con- 
figuration of the housing portions and the fix- 
ing means, it does however suffer from the 
65 disadvantage that it consists entirely of plas- 



tics components. The choice of plastics ma- 
terials used is such that they can be fused 
together so that it is possible to fuse the 
outer edge of the tube plate to the flange-like 
70 shoulders. Quite apart from the fact that heat 
exchangers of metal materials are required for 
a large number of situations of use, where it 
is not possible to use plastics materials, there 
is a further problem that the known arrange- 
75 ment can only be consuucted with relatively 
elastic tube plates. It is not possible to use a 
tube neat with rigid tube plates which are limi- 
tedly dispiaceable In the housing. Finally, such 
a known heat exchanger must be produced 
80 with low tolerances as the mutually oppositely 
disposed surfaces of the flange-like shoulders 
and the interposed edge of the tube plate ex- 
tend virtually parallel and thus It is not pos- 
sible to compensate for tolerance differences 
85 by further tightening the clamping clips. 
There is thus a need for a generally im- 
proved heat exchanger having a nest of tubes 
in a housing, which heat exchanger comprises 
simple shape components which can be pro^ 
90 duced inexpensively, has a high degree of 
compensation for tolerance differences, and is 
extremely simple to assemble. 

According to the present invention there is 
provided a heat exchanger having a nest of 
95 tubes in a housing which tubes are held in 
tube plates located at the ends of the tubes, 
for the flow of a first heat exchange fluid 
through the tubes, wherein the housing in- 
cludes a metal tubular shell and two metal end 
100 portk>ns and the tube plates are held movably 
within the limits of thermal expansion in the 
end portions, with the interpositk>n of sealing 
rings, the end portions being braced to the 
tubular shell which Is disposed therebetween 
105 for the flow of a second heat exchange fluid 
through the tubular shell and which has inlet 
and outlet connectk>ns for the second heat 
exchange fluid, wherein the end portions and 
the tubular shell are provided at their oppo- 
1 10 sitely disposed ends with outwardly directed 
bent-over edges, wherein the angle (rz)relative 
to the longitudinal axis of the tubular shell and 
the end portions is at least 45"" and at most 
90^, wherein provided at each tube plate is a 
115 sealing ring which seals off the tube plate 

both with respect to the tubular shell and also 
with respect to the end portion and which at 
the same time is gripped between two mutu- 
ally oppositely disposed bent-over edges, and 
120 wherein there are provided clamping clips 
which engage over the bent-over edges, the 
form of the clamping rings corresponding to 
that of the mutually oppositely disposed bent- 
over edges of the end portions and tubular 
125 shell. 

A heat exchanger of the invention has an 
extremely low number of individual compo- 
nents, which can be produced with relatively 
large tolerances and do not require any finish- 
130 irig machining operations. The sealing rings 
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serve to seal the tube plate relative to both 
housing portions which are to be clamped to- 
gether, and at the sanrie time serve to com- 
pensate for production tplerances and varia- 
5 tlons in length. By the shape of the clamping 
means, a heat exchanger of the present inven- 
tion In a simple fashion, provides the possibil- 
ity of re-tlghtening up the components, while 
further screwing the clamping clips together 
10 provides for a clear longhudinal displacement 
of the housing portions towards each. In addi- 
tion, the sealing arrangement provides for con- 
siderable displacement as a result of thernnal 
expansion without the precise sealing effect 
15 being lost when that occurs. 

Preferably the angles of two mutually oppo- 
sitely disposed bent over edges are of equal 
magnitude and are about 60' with respect to 
the longitudinal axis of the housing. This sym- 
20 metrical cross-sectional shape of the connect- 
ing arrangement means that the clamping clip 
Is also of a symmetrical cross-section and 
thus there cannot be any confusion of sides in 
the assembly operation. Depending on the ar- 
25 rangement of the heat exchanger however it 
may be advantageous for, for example, the 
end portions to have an approximately nght- 
angled edge and for the edge of the housing 
which Is in opposite relationship thereto to be 
30 arranged at an angle of ^60^ The clamping 
clip must then be of a suitably corresponding 
shape^ although relative displacement when 
the clamping clips are tightened is ensured by 
virtue of the edge which is at a smaller angle. 
35 An an-angement of this kind is particularly 
suitable when the tube nest, with the tubular 
shell, is to be Introduced between fixedly 
mounted end portions and the tube plates 
may only slightly project into the end portions. 
40 Advantageously the heat exchanger includes 
a leakage indicator means. To this end each 
sealing ring, at Its surface which In use is 
directed towards the assoclted tube plate, has 
a groove extending in the peripiheral direction 
45 of the tube plate and which communicates 
with the outside of the heat exchanger by at 
least one radial passage In the sealing ring. By 
virtue of such leakage indication, which can 
advantageously be integrated into the sealing 
50 ring, in the event of a leak between the tube 
plate and the tubular shell or between the 
tube plate and the end portion, the escaping 
fluid is conducted to the exterior of the heat 
exchanger and is prevented from getting Into 
55 the other heat exchange fluid. This avoids 
damage which would be caused by mixing of 
different fluids. The presence of fluid on the 
heat exchanger exterior indicates that there is 
a leak. So that the fluid leakage flow cannot 
60 issue only at the connecting locations of the 
clamping clips, it is advantageous for the 
clamping clip to have radial openings whose 
cross-section corresponds at least to that of 
the radial passages in the seal. In order also 
65 to ensure that there is a duct for any fluid 



leakage flow which may occur when clamping 
the housing portions by the clamping clip and 
with the consequential deformation of the 
sealing ring, it is possible for the groove to be 

70 formed by a stiff Insert and the radial passage 
to be in the form of an inherently stable tube. 

in a preferred embodiment the sealing ring 
has a cross-sectional shape which corre- 
sponds to a trapezium whose base surface 

75 bears In use against the tube plate and whose 
side surfaces bear in use against the bent-over 
edges of the housing portions. This an'ange- 
ment ensures that the sealing ring is In con- 
tact with the respective sealing surfaces over 

80 a large area, irrespective of the degree to 
which the clamping clip Is tightened. Such an 
an-angement is particularly recommended when 
the angles of two mutually oppositely dis- 
posed bent over edges are equal. 

85 If the angles of two mutually oppositely dis- 
posed bent-over edges are different, then de- 
slrbly the sealing ring may have a round 
cross-section. Such a sealing ring can easily 

match itself to any shape. 
90 Conveniently a respective one of two mutu- 
ally associated clamping clips Is provided with 
bars or a bracket or loop for securing the heat 
exchanger to a surface. In this way, there is 
no need for separate fixing means or for the 
95 mounting thereof on the housing of the heat 
exchanger. The tubular shell is particularly sim- 
ple and cost-effective to produce if it is a 
drawn tubular body with inlet and outlet con- 
necting members formed out of the body, for 
100 the second heat exchange fluid. 

Covers with inlet and outiet connections for 
the first heat exchange fluid may be provWed 
in known manner as end portions of the hous- 
ing. However, it is also possible for the end 
105 portions of the housing to be formed by con- 
necting tubes which are of the same diameter 
as the tubular shell. A particular advantage of 
this an-angement is achieved when the con- 
necting tubes are fomned by tubes of a con- 
110 duit system, which are present in any case, 
thereby saving on additional covers and con- 
nections for the first heat exchange fluid. 

For a better understanding of the present 
inventk>n, and to show how the same may be 
115 carried into effect, reference will now be 

made, by way of example, to the accompany- 
ing drawings, in which: 

Figure 1 Is a partly sectioned view of a tube 
nest heat exchanger with clamping clip con- 
120 nection according to one embodiment of the 
invention. 

Figure 2 Is a sectional view on an enlarged 
scale of an alternative construction of the de- 
tail X of Figure 1, „ m 
125 Figure 3 is an end view taken along line ill 
in Figure 1 , . 

Figure 4a is a sectional view of an alterna- 
tive form of construction to that shown in 

Figure 2, . . x 

130 Figure 4b is a cross sectional view pf a 



sealing ring of round cross-section In the un- 
damped condition, and 

Figure 5 is a side view of a heat exchanger 
of the invention in an existing conduit system. 
5 In Figure 1 of the accompanying drawings is 
shown a heat exchanger 1 of the Invention 
having a housing 2. The housing 2 includes a 
. metal tubular shell 3 and two metal end por- 
tions which are formed as covers 4 and 4'. 
10 The tubular shell 3 has two connections 5 and 
6 forming an inlet 5 and an outlet for a sec- 
ond heat exchange fluid to flow through the 
housing. As shown by the partly sectioned 
view on the left-hand side in Figure ^, dis- 

15 posed in the tubular shell 2 is a nest of tubes 
7, with ends 8 of the tubes 7 being held in 
and between two spaced rigid tube plates 9. 

At each end, the tubular shell 3 has an out- 
wardly directed bent-over edge 10, the angle 

20 a between the edge 10 and the longitudinal 
axis of the heat exchanger being about 60*. 
At its side which is towards the tubular shell 
3, the cover 4 also has an outwardly directed 
bent-over edge 1 1 which, like the edge 10 of 

25 the tubular shell 3, is at an angle a of about 
. 60"* with respect to the longitudinal axis of the 
heat exchanger 1. Disposed betweien the two 
bent-over edges 10 and 11 is a sealing ring 
1 2 which is of a trapezoidal cross-section. 

30 The sealing ring 12 bears with its inward per- 
ipheral surface, that is to say, the base of the 
trapezium, against the outer periphery of the 
tube plate 9 and bears with its side surfaces 
against the bent-over edges 10 and 11 and 

35 thus simultaneously seals the tube plate 9 
with respect to the tubular shell 3 and the 
cover 4. 

An identical arrangement of bent-over edges 
10 and 1 1 and the seal 12 is to be found at 

40 the other end of the tubular shell 3, namely 
where the cover 4' is connected to the tubular 
shell 3. For the purposes of securing the 
covers 4 and 4' to the tubular shell 3, the 
arrangement has clamping clips 1 3 and 1 4 

45 whose cross-sectional shape corresponds to 
that of the bent-over edges 10 and 11. Two 
associated clamping clips 13 and 14 engage 
over the bent-over edges 10 and 11 as well 
as over the sealing ring 12 disposed there- 

50 between, virtually over the entire periphery 
thereof, and cari be tightened by means of 
screws 15 and nuts 16 which engage bars 
13' and 14' on the clamping clips 13 and 14. 
The further the nuts 16 are screwed on to the 

55. screws 15, the greater is the degree to which 
the clamping clips 13 and 14 move down- 
wardly on to the bent-over edges 10 and 11 
and, by virtue of the inclined surfeces, cause 
the covers 4 and 4' to be moved towards the 

60 tubular shell 3. At the same time, this in- 
creases the pressure force acting on the seal- 
ing ring 12. As can also be seen from Figure 
1, inlet and outlet connections 17 and 17' for 
the first heat exchange fluid are provided at. 

65 the ends of the exchanger on the covers 4 
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and 4'. 

Figure 2 shows an alternative form of the 
detail indicated at X in Figure 1, on an en- 
larged scale. Just as in Figure 1, this heat 

70 exchanger has two bent-over edges 10 and 
11 which are disposed in opposite relationship 
to each other and which have the same 
angle(a) relative to the longitudinal axis of the 
heat exchanger. Disposed between the edges 

75 10 and 1 1 is the sealing ring 12 of trapezoi- 
dal cross-section. At the surface 18 which is 
towards the tube plate 9, the sealing ring 12 
has a groove 19 which extends in the periph- 
eral direction and which communicates with 

80 the exterior of the sealing ring 12 by a pas- 
sage 20 extending in the radial direction. 
Thus, the sealing ring 12 has two sealing por- 
tions at the surface 18, those two portions 
acting like separate seals. Specifically, if a leak 

85 occurs at one of the sealing portions, the es- 
caping heat exchange fluid Is conducted out- 
wardly through the groove 19 and the radial 
passage 20 and cannot therefore pass into 
the other heat exchange fluid, which in some 

90 cases would result in serious damage. 

As sealing rings 12 of that kind convention- 
ally are made of rubber-elastic materials a stiff 
insert 21 is provided In order to maintain the 
shape of the groove 19. The radial passage 

95 20 is formed by an inherently stable tube 22. 
So that any leakage flow which may occur 
cari Issue not only at the ends of the clips 13 
and 14, which are formed by the bars 13' and 
14', which may be disadvantageous depending 
100 on the particular position of the heat ex- 
changer, the clarhplng clips 13 and 14 also 
have radial openings 23 so that any leakage 
can be very rapidly detected, when fluid is- 
sues. 

105 Figure 3 shows a view taken along line Ill-Ill 
in Figure 1, with the reference numerals from 
Figure 1 being used to denote the same com- 
ponents. Figure 3 illustrates the cover 4' with 
the edge 11 which is of larger radius, and the 

110 tubular connecting member 17 through which 
it is possible to see a portion of the tube . 
plate 9 with ends 8 of the tubes secured 
therein. The tube clips 13 and 14 each en- 
gage over almost half the periphery of the 

1 15 edge 1 1 so that between the radially out- 
wardly directed bars 13' and 14', there Is still 
sufficient space for tightening the clips to- 
gether by means of screws 15 and nuts 16. 
Welded to the lower clamping clip 14 is a 

120 bracket or loop 24 which is provided with 
fixing holes 26 at its projecting ends 25 so 
that the bracket 24 can be used for securing 
the heat exchanger to a surface. 
Figure 4a shows an alternative construction 

125 of the connecting arrangement wherein the 
end portion of the heat exchanger is formed 
by a tube 27 of a conduit system which is of 
the same diameter as the tubular shell 3. The 
connecting tube 27 has. an edge 28 which is 

130 directed outwardly substantially at a right 
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angle while disposed in opposite relationship 
therewith is a bent-over edge 29 of the tubu- 
lar shell 3. The edge 29, with respect to the 
longitudinal axis of the heat exchanger, is at 
5 ah angle a of about 50**. Disposed between 
the bent-over edges 28 and 29 and the tube 
plate 9 in which the tube ends 8 are secured 
is a sealing ring 30 which bears against the 
periphery of the tube plate 9 and the bent- 
10 over edges 28 and 29. The sealing ring 30 Is 
originally of a round cross-section, as can be 
seen from Figure 4b; however, by virtue of its 
elasticity and the forces acting thereon, when 
the bent-over edges 28 and 29 are tightened 
15 together, the sealing ring 30 is deformed In 
such a way that it bears over a large area 
both against the bent-over edges and against 
the tube plate 9. Like the sealing ring 12 al- 
ready described with reference to Figure 2, 
20 the sealing ring 30 has a peripheral groove 19 
with reinforcing insert 21 and a tube 22 form- 
ing the radial passage. To correspond to the 
angles of the edges 28 and 29, the assembly 
Includes a clamping clip 31 whose limb por- 
25 tions 32 and 33 are adapated to the angles of 
the edges 28 and 29. In addition, the clamp- 
ing clip 31 has a radial opening 34 for leakage 
fluid to pass therethrough. In the connecting 
arrangement shown in Figure 4a, when the 
30 clip 31 is tightened, the connecting tube 27 
and the tubular shell 3 are displaced towards 
each other only by virtue of the inclined sur- 
faces of the edge 29 and the limb portion 32. 
Figure 5 is a diagrammatic view of use of 
35 the heat exchanger according to the invention 
in an existing conduit system. Reference 
numeral 27 denotes the connecting tubes 
which are of the same diameter as the tubular 
shell 3 of the heat exchanger 1 . The heat 
40 exchanger 1 is connected to the connecting 
tubes 27 by means of clamping clips 13 and 
14 in the same fashion as described in detail 
with reference to Figure 1. As can be clearly 
seen from Figue 5, in that way it is possible 
45 to eliminate the covers serving as end por- 
tions, as shown in Figure 1, and the corre- 
sponding tubular connecting members for the 
first heat exchange fluid. Use of the heat ex- 
changer in that fashion is possible only be- 
50 cause the connecting arrangement permits 
substantial compensation for tolerance differ- 
ences, while the two heat exchange medium 
flow circuits are reliably sealed off from each 
other. 

55 

CLAIMS 

1 . A heat exchanger having a nest of tubes 
in a housing which tubes are held in tube 
plates located at the ends of the tubes, for 

60 the flow of a first heat exchange fluid through 
the tubes, wherein the housing includes a 
metal tubular shell and two metal end portions 
and the tube plates are held movabiy within 
the limits of thermal expansion in the end por- 

65 tions, with the interposition of sealing rings. 



the end portions being braced to the tubular 
shell which is disposed therebetween for the 
flow of a second heat exchange fluid through 
the tubular shell and which has inlet and outlet 

70 connections for the second heat exchange 
fluid, wherein the end portions and the tubular 
shell are provided at their oppositely disposed 
ends with outwardly directed bent-over edges, 
.wherein the angle (a) relative to the longitudinal 

75 axis of the tubular shell and the end portions 
Is at least 45** and at most 90°, wherein pro- 
vided at each tube plate is a sealing ring 
which seals off the tube plate both with re- 
spect to the tubular shell and also with re- 

80 spect to the end portion and which at the 
same time is gripped between two mutually 
oppositely disposed bent-over edges, and 
wherein there are provided damping clips 
which engage over the bent-over edges, the 

85 form of the clamping rings corresponding to 
that of the mutually oppositely disposed bent- . 
over edges of the end portions and tubular 
shell. 

2. A heat exchanger according to claim 1, 
90 wherein the angles (a)of two mutually oppo- 
sitely disposed bent over edges are of equal 
magnitude and are about 60°. 

3. A heat exchanger according to claim 1, 
wherein the angles of two mutually oppositely 

95 disposed bent over edges are different, 

wherein one edge has approximately an angle 
of 90° and the other edge has an angle of 
^60°. 

4. A heat exchanger according to any one 
100 of the preceding clalrns, wherein at its surfce 

which in use is directed towards the associ- 
ated tube plate, each sealing ring has a 
groove which extends in the peripheral direc- 
tion of the tube plate and which communi- 
105 cates with the outside of the heat exchanger 
by at least one radial passage in the sealing 
ring. 

5. A heat exchanger according to claim 4, 
wherein each clamping clip has radial openings 

110 whose cross-section corresponds at least to 
that of the radial passages in the assodated 
sealing ring. 

6. A heat exchanger according to claim 4, 
wherein the groove is formed by a stiff insert 

115 and the radial passage is in the form of an 
inherently stable tube. 

7. A heat exchanger according to any one 
of the preceding claims, wherein the sealing 
ring has a cross-sectional configuration of a 

120 trapezium whose base surface bears in use 
against the tube plate and whose side sur- 
faces bear in use against the bent over edges. 

8. A heat exchanger according to any one 
of claims 1 to 6, wherein the sealing ring has 

125 a round cross-section. 

9. A heat exchanger according to any one 
of the preceding claims, wherein a respective 
one of two mutually associated clamping clips 
is provided with bars or a bracket for securing 

130 the heat exchanger to a surface. 
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10. A heat exchanger according to any one 
of the preceding claims, wherein the tubuiar 
shell IS a drawn tubular body with inlet and 
outlet connecting menibers, formed out of the 

5 body, for the second heat exchange fluid. 

1 1 . A heat exchanger according to any one 
of the preceding claims, wherein the end por- 
tions of the housing are in the form of covers 
having inlet and outlet connections for the first 

1 0 heat exchange fluid. 

1 2. A heat exchanger according to any one 
of claims 1 to 10, wherein the end portions 
of the housing are formed by connecting 
tubes of the same diameter as the housing. 

15 13. A heat exchanger having a nest of 
tubes In a housing, substantially as hereinbe- 
fore described with reference to Figures 1 and 
3, Figure 2, Figure 4a, Figure 4b or Figure 5 
of the accompanying drawings. 
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